Introduction
============

Severe sepsis and septic shock are major reasons for intensive care unit (ICU) admission and leading causes of mortality in noncoronary ICUs \[[@B1]-[@B3]\]. Apart from in the West, little is known about outcomes of patients admitted to the ICU with severe sepsis and septic shock, despite the seriousness of sepsis as a public health problem in developing countries. According to the 1996 World Health Organization Health Report \[[@B4]\], infectious and parasitic diseases caused 17 million out of 50 million deaths globally, including 3.4 million deaths from acute lower respiratory infections, 3 million from tuberculosis, 2.5 million from diarrhoeal diseases, 1.5--2.7 million from malaria and 1.5 million from HIV/AIDS. Infectious and parasitic diseases accounted for 43% of the 40 million deaths occurring in the developing countries in 1996.

With increasing international travel and the trend toward globalization, an international perspective on the outcome following sepsis is becoming increasingly important. The Kingdom of Saudi Arabia has some unique features in this regard. First, the Kingdom hosts the annual Islamic pilgrimage (Hajj), when 2 million Muslims from more than 100 countries gather in Makkah \[[@B5]\]. Many of these pilgrims are elderly with underlying chronic illnesses, making them especially susceptible to infectious illnesses. Second, the health care system in the Kingdom grew rapidly to state-of-the-art levels over the past two decades, and this development has brought with it the challenges that face modern medicine, including transplantation complications, cancer therapy and advanced surgery.

Understanding sepsis outcome studies is hampered by two factors. First is the inconsistency in the definition of sepsis. This led to a consensus statement that defined systemic inflammatory response syndrome (SIRS), sepsis, severe sepsis and septic shock \[[@B6]\]. More recently, these definitions were revisited; the concept of SIRS was challenged, and the definitions of sepsis, severe sepsis and septic shock were maintained \[[@B7]\]. The second factor was the lack of an agreed severity of illness scoring system for sepsis patients. In the absence of such a system, it would be difficult to interpret sepsis outcome studies \[[@B8]\]. Mortality prediction systems have been introduced as tools for assessing the performance of ICUs \[[@B9]-[@B12]\]. Some of these systems have been customized for patients with specific conditions such as sepsis, and liver transplantation and long-stay ICU patients \[[@B13],[@B14]\]. If these systems are proved to predict accurately mortality in severe sepsis and septic shock, then they will have the advantage of being readily available and easily incorporated into general ICU databases without additional data collection. Customized versions of SAPS II and MPM II~24~for septic patients were introduced by the European--North American Study of Severity Systems \[[@B15]\]. That study included 1130 patients who met the criteria for severe sepsis.

The objective of the present study is to assess the validity of six mortality prediction systems for the severe sepsis and septic shock patient population. This was, to our knowledge, the first study of its kind to be conducted on an independent database. It is also the first study to describe the outcome of severe sepsis and septic shock using standardized definitions in a non-Western country.

Materials and method
====================

King Fahad National Guard Hospital is a 550-bed tertiary care teaching centre in Riyadh, Saudi Arabia. It is a transplant centre, and it therefore receives a large number of referrals of patients with end-stage liver disease. The 21-bed medical/surgical ICU has 700--800 admissions per year and is run by full-time, on-site, board-certified intensivists. The ICU database was established in March 1999 to record all ICU admissions. We included information on all consecutive admissions between 1 March 1999 and 31 August 2001 meeting the definitions of severe sepsis and septic shock in the first 24 hours of ICU admission. Severe sepsis is defined as the presence of sepsis associated with organ dysfunction. Septic shock is defined as sepsis-induced hypotension and perfusion abnormalities despite fluid resuscitation, necessitating vasopressor support. At the time of the study, these definitions were based on the 1992 American College of Chest Physicians and Society of Critical Care Medicine consensus statement \[[@B6]\]. In the more recent statement, published in 2003 \[[@B7]\], the definition of SIRS was challenged and was replaced by new diagnostic criteria. The definitions of severe sepsis and septic shock were maintained, as mentioned above. Therefore, the new definitions do not affect our patient population.

Patients younger than 16 years, and burn and brain-dead patients were excluded. For patients admitted to the ICU more than once during a hospitalization episode, only data from the first admission were used. Approval from the hospital ethics committee was not required because the information was already being collected for clinical purposes. The following data were collected: demographics, Acute Physiology and Chronic Health Evaluation (APACHE) II scores, Simplified Acute Physiology Score (SAPS) II scores, and Mortality Probability Model (MPM) variables. MPM II~0~data were obtained for all admissions, whereas MPM II~24~, APACHE II and SAPS II data were obtained in patients who stayed 24 hours or longer in the ICU. The original methodology for data collection was followed \[[@B10]-[@B12],[@B15]\]. The main reason for ICU admission, whether the admission was following emergency surgery, and the presence of severe chronic illness were documented according to the definitions used in the original APACHE II article \[[@B10]\]. Severe chronic illnesses included cirrhosis, New York Heart Association class IV heart failure, chronic respiratory failure, end-stage renal disease and immunosuppression. ICU and hospital duration of stay, and vital status at discharge both from the ICU and from the hospital was documented. Hospital mortality is used as the primary end-point for all mortality predictions.

Statistics
----------

Predicted mortality was calculated using the logistic regression formulae described in the original articles \[[@B10]-[@B12],[@B15]\]. The formula used for calculation of predicted mortality in the customized SAPS II system is as follows:
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where β~0~is -3.5524 and β~1~is 0.0694.

A similar approach was used in calculating predicted mortality for the customized MPM II~24~:
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where β~0~is 0.0157 and β~1~is 0.7971 \[[@B15]\].

Standardized mortality ratio (SMR) was calculated by dividing observed mortality by the predicted mortality. The 95% confidence intervals for SMRs were calculated using the observed mortality as a Poisson variable, and then dividing its 95% confidence interval by the predicted mortality \[[@B16]\].

System validation was tested by assessing both calibration and discrimination values. Calibration (the ability to provide a risk estimate that corresponds to the observed mortality) was assessed using Lemeshow--Hosmer goodness of fit C-statistics \[[@B17]\]. In order to calculate the C-statistic, the study population was divided into 10 groups of approximately equal numbers of patients. The predicted and actual number of survivors and nonsurvivors were compared statistically using formal goodness of fit testing to determine whether the discrepancy between predicted and actual values was statistically insignificant (*P*\> 0.05). Discrimination was tested using receiver operating characteristic (ROC) curves. ROC curves were constructed using 10% stepwise increments in predicted mortality \[[@B18],[@B19]\]. A comparison of the six curves was done by computing the areas under the ROC curves.

Continuous variables were expressed as means ± standard deviation and were compared using standard *t*-test. Categorical values were expressed in absolute and relative frequencies, and were analyzed using χ^2^test. *P*≤ 0.05 was considered statistically significant.

Results
=======

Demographics
------------

During the period of study 250 patients met the diagnostic criteria for severe sepsis/septic shock in the first 24 hours of ICU admission. Demographic data for these patients are summarized in Table [1](#T1){ref-type="table"}. Of note is the high proportion of patients (54.80%) with underlying chronic illness. ICU mortality was 46% (115 patients) and hospital mortality was 61% (152 patients). The differences between hospital survivors and nonsurvivors are also shown. Nonsurvivors were older, had higher APACHE II and SAPS II scores, had shorter hospital duration of stay and were more likely to have chronic illnesses, especially liver disease and immunosuppression. The most common source of infection was the respiratory system (41%), followed by abdominal (32%) and then urinary (17%) sites. A total of 93 patients (37%) had positive blood cultures, with Gram-negative bacilli being the most common (53 patients \[57%\]), followed by Gram-positive cocci (36 patients \[39%\]) and fungi (3 patients \[3%\]), and Gram-negative cocci (1 patient \[1%\]).

Predicted mortalities
---------------------

Table [2](#T2){ref-type="table"} shows actual and predicted hospital mortality for each of the six prediction systems. There was no significant difference between the SMR for any of the systems and 1, as evident from the confidence intervals; this indicates that all the six systems gave overall accurate mortality estimates.

Calibration
-----------

Calibration, as tested by C-statistics, was poor for the four standard ICU mortality prediction systems (C-statistics: MPM II~0~29.79 \[*P*\< 0.001\]; MPM II~24~24.82 \[*P*= 0.002\]; APACHE II 34.89 \[*P*\< 0.001\]; SAPS II 23.60 \[*P*= 0.003\]). Customization of SAPS II and MPM II~24~was associated with improvement in calibration, but this was statistically adequate only for customized SAPS II (C-statistic 11.48 \[*P*= 0.18\]; Table [3](#T3){ref-type="table"}).

Discrimination
--------------

The ROC curves are shown in Fig. [1](#F1){ref-type="fig"}. The corresponding areas under the ROC curves were as follows (in descending order to reflect decreasing levels of discrimination): customized MPM II~24~0.826; MPM II~24~0.823; MPM II~0~0.806; customized SAPS II 0.799; SAPS II 0.797; and APACHE II 0.782.

Discussion
==========

The main findings of this study can be summarized as follows. First, the overall mortality prediction for all six systems was accurate, as reflected by the SMRs. Second, calibration was inadequate for the general (noncustomized) systems and was improved by customization, particularly for the SAPS II. Third, discrimination was good for all systems, especially for the customized versions.

Mortality risk stratification in severe sepsis and septic shock is commonly used in clinical trials and in practice \[[@B20]\], which helps to improve accuracy when evaluating new therapies and refining indications. By facilitating comparison of the actual with predicted mortalities, the use of such systems can also provide valuable information about the performance of individual ICUs in treating septic patients.

Several approaches in risk stratification have been utilized, including the use of severity of illness scoring systems and the use of certain inflammatory markers (e.g. interleukin-1, interleukin-6, tumour necrosis factor-α) \[[@B20]\]. The use of illness severity systems has several advantages, including their relative simplicity and wide availability. However, there is as yet no ideal system for this group of patients. Most of the systems were developed for general ICU patients, and when applied to a particular group of patients, such as those with sepsis, their accuracy declines. Customization of these systems to predict sepsis outcome is an attractive option. Compared with the introduction of a system specific to sepsis, the customized versions require little if any extra data collection by units already using general ICU systems.

There are several advantages to having an internationally valid mortality prediction system for patients with severe sepsis and septic shock. First, it would be useful in comparing the outcomes of such patients between different ICUs and countries. In research it would help by grouping patients in a clinical trial -- an approach used recently in the Recombinant human protein C Worldwide Evaluation in Severe Sepsis (PROWESS) trial \[[@B21],[@B22]\]. The use of these systems will be of particular value when conducting large international multicentre studies.

There is a good body of literature addressing ICU outcomes of septic patients in Western ICUs, including USA \[[@B3]\], France \[[@B23]\], Italy \[[@B24]\], and the UK \[[@B25]\]. However, apart from in the West, very little is reported in this field, despite the seriousness of sepsis as a public health problem in these countries. The present study sheds some light on ICU outcomes of patients admitted with severe sepsis and septic shock in a Middle Eastern country.

Our study has the strength of being prospective, using standardized definitions of severe sepsis and septic shock. The study also has some limitations. First, it was conducted at only one centre. The results therefore reflect the outcome of septic patients in a tertiary care centre and they may not be generalizeable to all hospitals in the country. However, the study gives some insight into this issue, at least from a tertiary care perspective.

In conclusion, the present study shows that customized version of SAPS II (and to lesser extent the customized MPM II~24~) performed well in predicting mortality in patients with severe sepsis and septic shock. As such, the customized versions are better options for mortality prediction in septic patients than are the general ICU mortality prediction systems.
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###### 

The study population

                                   All             Survivors       Nonsurvivors    *P*
  -------------------------------- --------------- --------------- --------------- ---------
  Number                           250             98              152             
  Age (years)                      58.40 ± 18.12   55.54 ± 18.96   60.24 ± 17.37   0.05
  Female sex (*n*\[%\])            112 (45)        42 (43)         70 (46)         NS
  APACHE II score                  26.94 ± 9.45    21.69 ± 8.85    31.06 ± 7.71    \<0.001
  SAPS II score                    55.99 ± 21.36   43.73 ± 18.41   65.69 ± 18.38   \<0.001
  ICU LOS (days)                   10.16 ± 16.40   11.38 ± 18.75   9.20 ± 14.68    NS
  Hospital LOS (days)              31.24 ± 34.69   46.82 ± 41.63   21.20 ± 24.75   \<0.001
  Source of admission (*n*\[%\])                                                   
   Emergency room                  73 (29.20)      30 (30.61)      43 (28.29)      NS
   Ward                            151 (60.40)     50 (51.02)      101 (66.45)     0.02
   Operating room                  19 (7.60)       12 (12.24)      7 (4.61)        0.03
   Other hospitals                 7 (2.80)        6 (6.12)        1 (0.66)        0.01
  Chronic illnesses (*n*\[%\])                                                     
   Cirrhosis                       72 (28.80)      11 (11.22)      61 (40.13)      \<0.001
   Cardiac                         12 (4.80)       6 (6.12)        6 (3.95)        NS
   Respiratory                     9 (3.60)        5 (5.10)        4 (2.63)        NS
   Renal                           22 (8.80)       7 (7.14)        15 (9.87)       NS
   Immunosuppression               34 (13.60)      7 (7.14)        27 (17.76)      0.02
   Any chronic illness             137 (54.80)     35 (35.71)      102 (67.11)     \<0.001

APACHE, Acute Physiology and Chronic Health Evaluation; LOS, length of stay; NS, not significant; SAPS, Simplified Acute Physiology Score.

###### 

Actual and predicted mortalities and standardized mortality ratios

  Variable         Number   Died (*n*)   Actual mortality   Predicted mortality   SMR    95% CI
  ---------------- -------- ------------ ------------------ --------------------- ------ ------------
  MPM II~0~        250      152          0.61               0.55                  1.10   0.99--1.21
  SAPS II          208      116          0.56               0.56                  1.00   0.88--1.13
  MPM II~24~       208      116          0.56               0.61                  0.92   0.80--1.03
  APACHE II        208      116          0.56               0.59                  0.95   0.83--1.06
  Cus MPM II~24~   208      116          0.56               0.59                  0.94   0.82--1.05
  Cus SAPS II      208      116          0.56               0.56                  1.00   0.87--1.12

APACHE, Acute Physiology and Chronic Health Evaluation; CI, confidence interval; Cus, customized; MPM, Mortality Prediction Model; SAPS, Simplified Acute Physiology Score; SMR, standardized mortality ratio.

###### 

Lemeshow--Hosmer goodness of fit C-statistics for the six systems

  ---------------- --------------------------- ------- ------------- ------- ---- ------------- ----- ------- ------------- ------- ----
  Decile           *n*                         PD      AD            PS      AS   Decile        *n*   PD      AD            PS      AS
                                                                                                                                    
  **MPM II**~0~    **APACHE II**                                                                                                    
                                                                                                                                    
  1                25                          1.45    3             23.55   22   1             21    2.40    1             18.60   20
  2                25                          3.78    6             21.22   19   2             21    4.98    3             16.02   18
  3                25                          6.45    10            18.55   15   3             21    7.21    9             13.79   12
  4                25                          9.60    13            15.40   12   4             21    9.93    11            11.07   10
  5                25                          13.47   18            11.53   7    5             21    12.49   12            8.51    9
  6                25                          16.97   18            8.03    7    6             20    14.06   17            5.94    3
  7                25                          18.81   18            6.19    7    7             20    15.95   17            4.05    3
  8                25                          20.53   20            4.47    5    8             20    17.08   17            2.92    3
  9                25                          22.69   25            2.31    0    9             20    17.94   11            2.06    9
  10               25                          24.29   21            0.71    4    10            20    18.91   17            1.09    3
  C-statistic                                  29.79   *P*\< 0.001                C-statistic         34.89   *P*\< 0.001           
                                                                                                                                    
  **MPM II**~24~   **Customized MPM II**~24~                                                                                        
                                                                                                                                    
  1                21                          1.78    4             19.22   17   1             21    2.65    4             18.35   17
  2                21                          3.90    7             17.10   14   2             21    4.87    7             16.13   14
  3                21                          7.12    2             13.88   19   3             21    7.68    2             13.32   19
  4                21                          10.90   7             10.10   14   4             21    10.74   7             10.26   14
  5                21                          13.32   11            7.68    10   5             21    12.69   11            8.31    10
  6                21                          15.23   13            5.77    8    6             21    14.31   13            6.69    8
  7                21                          17.02   19            3.98    2    7             21    15.93   19            5.07    2
  8                21                          18.53   15            2.47    6    8             21    17.45   15            3.55    6
  9                20                          18.88   18            1.12    2    9             20    18.10   18            1.90    2
  10               20                          19.65   20            0.35    0    10            20    19.22   20            0.78    0
  C-statistic                                  24.82   *P*= 0.002                 C-statistic         17.51   *P*= 0.03             
                                                                                                                                    
  **SAPS II**      **Customized SAPS II**                                                                                           
                                                                                                                                    
  1                21                          0.88    3             20.12   18   1             21    2.24    3             18.76   18
  2                21                          2.71    1             18.29   20   2             21    4.39    1             16.61   20
  3                21                          5.22    9             15.78   12   3             21    6.62    9             14.38   12
  4                21                          8.20    12            12.80   9    4             21    8.96    12            12.04   9
  5                21                          11.57   10            9.43    11   5             21    11.50   10            9.50    11
  6                21                          14.85   17            6.15    4    6             21    14.08   17            6.92    4
  7                20                          16.19   14            3.81    6    7             20    15.18   14            4.82    6
  8                20                          17.19   14            2.81    6    8             20    16.17   14            3.83    6
  9                20                          18.18   16            1.82    4    9             20    17.25   16            2.75    4
  10               20                          19.41   19            0.59    1    10            20    18.87   19            1.13    1
  C-statistic                                  23.60   *P*= 0.003                 C-statistic         11.48   *P*= 0.18             
  ---------------- --------------------------- ------- ------------- ------- ---- ------------- ----- ------- ------------- ------- ----

AD, actually died; APACHE, Acute Physiology and Chronic Health Evaluation; AS, actually survived; MPM, Mortality Probability Model; PD, predicted to die; PS, predicted to survive; SAPS, Simplified Acute Physiology Score.
